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ABSTRACT
Elser, Jamie L. M.A., May 2002 Anthropology
Frequency and Severity of Rickets and Osteomalacia Relative to Levels of Skin Melanin 
Director; Randall R Skelton
Rickets and osteomalacia are usually caused by insufficient vitamin D, either because of 
a dietary inadequacy or because of a lack of exposure to the ultraviolet rays of the sun. 
Studies continue to show that the most important source of vitamin D is exposure to 
sunlight, not dietary intake though. The amount of skin melanin in the human body 
determines the amount of ultraviolet radiation that one receives. The more skin melanin 
that a body produces, the less ultraviolet radiation penetrates the skin. It is in this context 
that a study of rickets and osteomalacia among varying levels of skin melanin can be 
informative. This study looks at the frequency and severity of skeletal evidence for 
rickets and osteomalacia among a sample of human remains with varying degrees and/or 
levels of skin melanin content during life. Statistical analyses using chi square analysis 
and contingency tables were used to test the hypothesis that levels of skin melanin 
influence an individuals’ susceptibility to rickets or osteomalacia. The relationship 
between high levels of skin melanin content and rickets or osteomalacia was not 
significant, but there was a relationship between lower levels of skin melanin and the 
disease, suggesting that other factors not included in this study could affect the 
expression of disease.
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CHAPTER ONE 
INTRODUCTION
Physical anthropologists conduct nutritional studies, investigating the 
relationships between various dietary components, cultural practices, physiology, and 
certain aspects of health and disease, as well as many other topics involving human’s 
biological make-up (Jurmain et al 1997). Closely related to the topic of nutrition are 
investigations of human fertility, growth, and development. These fields of inquiry are 
fundamental to studies of adaptation in modem human populations (Molnar 2002), and 
they can provide insights into hominid evolution as well (Jurmain et al 1997). The 
diseases rickets and osteomalacia can easily be included in these interests.
The childhood disease rickets and its adult counterpart osteomalacia have caused 
many debates and contentions among some of the medical community through the years 
(Loomis 1970). These diseases, most commonly thought of as resulting from a lack of 
vitamin D, are frequently associated with several skeletal malformations such as bow legs 
(figure 1) and pigeon chests (Stuart-Macadam 1989). The diseases are characterized by 
malformations of the bony structures of the body; the ribs develop knobs, referred to as 
the “rachitic rosary”; the chest becomes compressed, assuming the form called “pigeon- 
breasted”, the long bones bend, the legs appearing “bow-legged” and “knock-kneed”; 
curvatures of the spine occur (Sure, 1937). Even though most believe that there is no 
reason for the diseases to still exist, they are often prevalent even if they do not affect the 
numbers of people as they have in the past. Because of their common etiology, I will 
hereafter refer to rickets and osteomalacia as one disease.
FIGURE 1. Right and left tibias and fibulas of a 75 year old Caucasoid female affected 
by rickets as a child, commonly referred to as ‘bow legs’. Specimen number 1750,
Etiology
Called the “first air pollution disease” by Loomis in 1970, rickets and 
osteomalacia, although usually seen in areas with lesser amounts of sunlight and vitamin 
D, have been the focus of some controversy over their causal factors. The debate 
between whether or not it is a vitamin D deficiency disease or a lack of sunshine disease 
has existed ever since the disease was discovered. The discovery of the cause and cure of 
rickets and osteomalacia transpired over a considerable period of time and although most 
now know how to prevent the disease, it still exists throughout the world (Loomis 1970).
It is usually considered a disease of children in which the bones are softened and 
deformed. It arises as a result of deficiency of vitamin D and a failure to absorb calcium 
fi'om the small intestine (Davidson et al 1975). Osteomalacia, which means softening of 
bone, arises when there is a vitamin D deficiency in adults. The resultant calcium 
deficiency leads to demineralization of the bones (Davidson et al 1975).
There are two principal types of vitamin D -  calciferol (D2) and cholecalciferol 
(D3) -  as well as a number of metabolites (Stuart-Macadam 1989). D2 is produced by 
ultraviolet irradiation of ergosterol and is of plant origin, whereas D3 is produced by 
action of ultraviolet light on 7-dehydrocholesterol and is of animal origin (Mankin 1974). 
Vitamin D mediates the absorption of calcium fi’om the intestine and the deposition of 
inorganic minerals in growing bone; this “sunshine vitamin” is produced in the skin, 
where solar rays from the far-ultraviolet region of the spectrum convert the provitamin 7- 
dehydrocholesterol into natural vitamin D (Loomis 1967; Stuart-Macadam 1989). It is 
the metabolites of vitamin D2 and D3, produced by conversion of D2 and D3 in the liver 
and kidneys that are biologically active and critical in bone metabolism (Stuart-Macadam 
1989). One of these metabolites, 1,25-dihydroxycholecalciferol, has been identified as 
the principal hormone acting in the intestine and possibly in bone cells (Poskitt et al 
1978). It is of crucial importance in calcium and phosphate transport in the body and 
their absorption by the intestine (Mankin 1974). Parathormone and calcitonin are two 
other hormones responsible for maintenance of normal calcium and phosphorous levels 
in the body (Stuart-Macadam 1989)
Once vitamin D is in the body its activity includes mobilizing calcium, apparently 
by activating a transport system that takes calcium from the gut and places it into the
bloodstream (Mankin 1974). Vitamin D is oxidized in two steps, first in the liver and 
then in the kidney to a form more water-soluble than vitamin D itself It enters the cells 
of the intestinal lining and penetrates into the cellular nucleus, where it associates with 
the chromosome’s genetic material, after which it triggers the formation of the messenger 
molecule with specific instructions to create a protein that carries calcium (Giese 1976). 
The protein transports calcium through the cells of the gut to the bloodstream, and 
ultimately to the bones
Skeletal Effects
The sequence of events that occurs in the absence of sufficient vitamin D 
proceeds as follows. Without the precursors of the biologically active metabolites of 
vitamin D, insufficient 1,25-dihydroxycholecalciferol is produced (Stuart-Macadam 
1989). This results in a diminished absorption and transport of calcium and phosphates, 
eventually triggering a negative feedback that results in an increased production of 
parathormone (Mankin 1974). Parathormone increases serum levels of calcium and 
phosphorous by activating bone cells (osteoclasts) to destroy bone, thus liberating the 
bone mineral. Bone formation is also increased in a futile attempt to substitute quantity 
for quality. However, with insufficient vitamin D, the osteoid (organic matrix of bone) 
produced by the bone cells (osteoblasts) and the cartilage produced by the cartilage- 
forming cells (chondroblasts) is not properly mineralized (Ortner and Putschar 1985). 
This results in an excess of unmineralized cartilage at the growing ends of bones as well 
as bones that are smaller, lighter, and susceptible to deformation under pressure. (Stuart- 
Macadam 1989).
Rickets and osteomalacia occurs worldwide with varying frequencies. Rickets is 
rarely seen before 4 months of age because vitamin D passes from the mother to the fetus 
through the placenta and is stored in the liver of the infant (Caffey 1978). The highest 
frequency is observed between 6 months of age and two years in the sunless winter 
months (Ortner and Putschar 1985). Only a few cases develop after four years of age 
(Schwartz 1995).
The disease is earliest seen and most marked on the rapidly growing areas of the 
skeleton: osteocartilaginous junctions of ribs, distal metaphysis of the femur, radius and 
ulna, and the proximal humerus (Ortner and Putschar 1985). Changes at the growth plate 
consist of lack of preparatory calcification of the columnar cartilage and of newly 
deposited bone matrix (osteoid) (Schwartz 1995). Since the proliferation of cartilage and 
the formation of bone matrix by osteoblasts continues at close to normal levels, both 
uncalcified cartilage, which cannot be resorbed, and unmineralized osteoid pile up next to 
the growth plate (Ortner and Putschar 1985).
Changes observed in rickets are threefold: 1. direct effects of the metabolic 
disturbance, 2. deformities secondary to the vulnerability and pliability of the poorly 
mineralized skeleton and 3. retardation of growth (Ortner and Putschar 1985). With this 
disease, the ribs sometimes will develop a rounded nodular swelling of the 
osteocartilaginous junction, the “rachitic rosary” (Ortner and Putschar 1985; Schwartz 
1995; Sure 1937). There is also a broadening and cup-shaped depression of the 
metaphysial areas (Ortner and Putschar 1985). The cranial vault may develop thin and 
soft areas, especially in the posterior lateral portions of the parietal bones and of the 
occipital squama (craniotabs) (Caffey 1978; Ortner and Putschar 1985; Schwartz 1995).
This usually occurs in active infantile rickets and is due to rapid remodeling of the infant 
skull to accommodate the growing brain, replacing mineralized bone with osteoid (Caffey 
1978). Craniotabes may lead to permanent posterior flattening or lateral and 
asymmetrical deformities of the skull, due to pressure of the head against the supporting 
surface in the lying position (Ortner and Putschar 1985). Closure of the fontanels is also 
delayed in rickets (Schwartz 1995).
Frequent combination of a lack of vitamin D and general malnutrition leads to a 
combination of rickets and osteoporosis, resulting in the so-called porotic form of rickets, 
characterized by brittle thin cortex and sparse cancellous trabeculae (Ortner and Putschar
1985). In the portic form, stress fractures, especially of the diaphysis, are common, 
leading to axial deformities (Schwartz 1995). Some of these, including bending 
deformities due to the flexibility of the undermineralized bones with or without additional 
stress fractures, are common (Sure 1937). Growth is slowed down in active rickets, but 
the development of secondary epiphysial ossification centers is not delayed (Ortner and 
Putschar 1985). The most marked shortening is seen on the femur. The most 
characteristic change of a long bone is the flaring of the frayed metaphysial cortex and 
cupping the end of the metaphysis (Ortner and Putschar 1985).
Periosteal deposition of the osteoid, which is mineralized in the healing process, is 
common (Schwartz 1995). These depositions are thickest at mid-diaphysis (giving the 
shaft the appearance of a column, without the usual tapering to the middle (Ortner and 
Putschar 1985). The subperiosteal bone deposits show some characteristic distribution in 
different bones. In the ribs, they are limited to the anterior surface and the margins, 
leaving the pleural surface free. With the femur, the deposits are heavier on the posterior
surface than on the anterior surface. Deposits appear in the posterior and on the medial 
surface, sparing the lateral surface that faces the fibula, on the tibia. (Schwartz 1995)
In severe and protracted or recurring cases, characteristic deformities develop, 
secondary to the static and dynamic stresses (Ortner and Putschar 1985). After healing, 
these bending deformities largely remain for the rest of the life of the individual. When 
the deformities develop in the active phase, an alteration of the distribution of 
subperiosteal bone is observed. It consists of increased deposition on the concavity of the 
deformity, in response to the altered stresses. These deposits may be locally accentuated 
by addition of callus over stress fractures, forming ridges or lumpy projections (Ortner 
and Putschar 1985). Such fractures usually occur in the diaphysis, seldom in the 
metaphysis. They often transect only the cortex on the concave side and their margins 
may project into the medullary canal. (Schwartz 1995)
In infants that have not started walking, bending deformities of the humerus and 
forearm occur, depressing the humeral head medially downward and bending the shaft 
laterally and forward (Caffey 1978). Later, after assumption of upright gait, deformities 
of the long bones of the lower extremity prevail. The femur shows downward bending of 
the neck, and the shaft usually bends at the lower metaphysis with an anterolateral 
convexity. The tibia shows anterior bowing at the lower metaphysis. (Ortner and 
Putschar 1985)
Over time minor deformities that occur with rickets can disappear due to 
corrective postrachitic growth. Major deformities become permanent and are followed 
by characteristic remodeling changes. The bent bones show a decreased transverse and 
increased anteroposterior diameter (Schwartz 1995). The ribs may show flattening of
their curves, secondary to bending of the rib cartilages at the osteocartilaginous junction. 
This can lead to a forward bending of the sternum, seen in figure 2, giving the pigeon 
breast deformity (Ortner and Putschar 1985). In severe malacic rickets, lateral depression 
of the rib contour may occur, secondary to the pressure of the arms (Putschar 1966).
With the vertebrae, in severe rickets, they may appear of decreased height due to 
compression, seen in figure 3, often combined with a deeper scalloping of the end-plate 
(Schwartz 1995). A typical rachitic pelvis, during the active disease, is smaller and 
plumper (Ortner and Putschar 1985). A postrachitic pelvis is flat and is characterized by 
an anteroposterior narrowing of the pelvic canal, mainly due to deficiency of growth of 
the iliac portion of the pelvic ring (Ortner and Putschar 1985). The sacrum tends to 
protrude more into the pelvic canal and the acetabula face more forward than normally 
(Ortner and Putschar 1985). Figure 4 gives an example of a rachitic pelvis.
Many features of active rickets will not be recognizable in skeletal material after 
loss of cartilage and disintegration of unmineralized osteoid (Schwartz 1995).
Camiotabes and the flaring distortion and cupping of metaphysial ends of long bones and 
sternal ends of the ribs would have the best chance of being preserved (Ortner and 
Putschar 1985). Rickets developing or recurring in later childhood and adolescence (at a 
time when bone growth had slowed down greatly) is more characterized by severe 
mechanical deformities than by changes at the growth plate resulting in deficient or 
altered growth (identical with adult osteomalacia) (Caffey 1978).
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FIGURE 2. Forward bending of a body of a sternum, also known as a pigeon 
breast deformity. Specimen number 1527, Caucasoid male, 85 years old.
FIGURE 3. Compression of the 1^, 8^, and 9*, thoracic vertebrae of an 81 year 
old Caucasoid female. Specimen number 1402.
FIGURE 4. Rachitic pelvis of a 35 year old Negroid female. This pelvis also 
shows sign of acetabuli protrusion, where the acetabulum protrudes into the pelvic canal. 
Specimen number 439.
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In an adult, the skeleton is no longer growing; therefore, various changes to the 
cartilage and bones of the growth plate, which dominate the etiology of rickets, no longer 
occur (Aloia 1981). Osteomalacia is caused by vitamin D deficiency, general 
malnutrition, and especially deficiency of protein and fat and low intake or loss of 
calcium and phosphorus (Schwartz 1995). The greatest prevalence of this disease is in 
females (Ortner and Putschar 1985; Roe 1983). The age of onset for this disease is not so 
easily discerned. There are two main arguments and each is supported by ample 
evidence. Many believe that osteomalacia frequently occurs between 20 and 40 years of 
age (Ortner and Putschar 1985). It mostly affects females; the most commonly cited 
reasons for this include numerous closely spaced pregnancies and protracted lactation as 
a heavy drain on the mother’s reserves of bone mineral and vitamin D (Ortner and 
Putschar 1985). Others believe that the age of onset usually is around 70 years of age 
(Roe 1983). This is supported by the usual diet and activity pattern for a person of this 
age, including staying indoors (lack of sunlight), low intake of vitamin D in the diet, and 
a high drug intake, specifically barbiturates and diphenylhydantoin (Roe 1983). This 
disease was once common in Europe in crowded cities and during poor economic 
conditions. More recently numerous cases have been reported from China and India 
(Mawer and Davis 2001). Skin pigmentation, shrouding clothing, and seclusion of 
women indoors still contribute to the prevalence of the disease (Berlyne et al 1973).
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Skin Melanin
Skin pigmentation has been associated with the occurrence of the disease because 
of the synthesis and transport of vitamin D. As discusses previously, vitamin D is needed 
to help properly mineralize bone, and that it is thought that as much as 90 percent of the 
vitamin D in our bodies is produced by photolysis in the skin (Passmore and Eastwood
1986). Darker skin pigmentations offer added resistance to ultraviolet rays of the sun, so 
that it takes a much greater intensity of light on the pigmented skin, than on the 
unpigmented skin to produce the same antirachitic effect (that is to cure or prevent 
rickets) (Murray, 1934). The farther one goes away from the equator toward the poles, 
the less intense the ultraviolet rays (as well as other radiation) becomes. This results 
about from the oblique and hence longer path of the sunlight through the atmosphere to 
the surface of the earth at high latitudes (Loomis 1970). That path being much longer at 
the poles than at the equator, more of the ultraviolet rays are filtered out in the longer 
passage through the resisting atmosphere. Near the poles also the yearly number of hours 
of sunshine is less than in the sunny tropics on account of clouds, fogs, and mists 
obstructing the light rays. Thus there is not enough sunlight in far northern regions to 
prevent frequent rickets in deeply pigmented peoples (Murray 1934). Thus the diseases 
rickets and osteomalacia have themselves (along with other diseases) served as 
explanations for the different pigmentations among humans.
Darkly pigmented skin is penetrated much less deeply than fair skin by the 
ultraviolet rays of the sun (Molnar 2002). If one regards the epidermis of the skin (the 
top layer as seen in Figure 5) as a filter of that reduces the amount of ultraviolet radiation 
penetrating the skin, it may establish the relative advantages or disadvantages of high
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melanin content of the skin in various environments (Molnar 2002). One example is 
sunburn, or the reddening of the skin, wherein one can see advantages enjoyed by people 
who have naturally dark skins or who can make melanin quickly, especially if they must 
work outside. Darkly pigmented peoples are less prone to this solar radiation damage 
because of the filtering effects of the melanin, and hence such people appear to ‘age’ 
more slowly (Macht et al 1928). Among the darker-skinned populations, problems 
related to solar radiation are minimal, and skin cancers rarely occur (Molnar 2002).
SUotum corneum 
S t r a tum gronulosum
St r a tum  Molpi 
o r
Duct  of 
s w e a t  y tond
Coil o f 
•  w ool y land
A r t e r y  
Fot titsu e
St r a tum co rneum 
St rotum lucidum
Str a tum g ronu lo sum 
S t r a t u m  germinot l vum
S t r o t u m
popi l lore
S t r a t u m
retlcu lore
Strotum
•udcutoneum
FIGURE 5. Vertical section from (top) the shoulder and (bottom) the sole of the 
foot of a Caucasian adult. [From J.L. Bremer, A Textbook o f Histology (Blakiaton, 
Philadelphia, 1936)]
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Besides the damage caused by ultraviolet radiation (UVR), there are effects that 
have been called photochemical, changes in chemical bonds when certain compounds are 
exposed to sunlight (Molnar 2002). Several chemicals essential for metabolism have this 
sensitivity and will undergo decomposition (photolysis) under the influence of UVR 
(Macht et al 1928). Ultraviolet radiation also has a positive photochemical effect, the 
synthesis of vitamin D.
Darkly pigmented peoples thus benefit from having dark skin pigments in the 
areas of the world that have frequent ultraviolet radiation and they would suffer in more 
northern latitudes that do not. Sandwiched between the rise of more polluted cities 
during the industrial revolution and the advent of many foodstuffs fortified with vitamin 
D, the 1920’s and 1930’s in eastern North America provide a time period and cultural 
area in which to demonstrate the effects of lack of vitamin D.
The term ‘vitamin D’ is almost a misnomer and this ‘vitamin’ resembles a 
hormone more closely than it resembles the dietary vitamins in that it is not normally 
ingested but is synthesized in the body by one organ -  the skin -  and then distributed by 
the blood stream for action elsewhere in the body (Loomis, 1967). This has led to some 
of the controversy over the subject.
Unlike other vitamins, this essential calcification factor is not present in 
significant amounts in the normal diet; it occurs in the liver oils of bony fishes and in 
very small amounts, in a few other foodstuffs (Sherman and Smith 1931). Before this 
century mankind had to rely upon sunshine for his health and well-being. Now, the 
chemical elucidation of the nature of vitamin D has made it possible to eradicate rickets
14
from the modem world through artificial fortification of milk and other foods with this 
essential factor (Loomis 1967).
History of Rickets and Osteomalacia
The first possible description of rickets or osteomalacia was by Soranus Ephesus, 
who lived between A.D. 98 and 138 and practiced as a physician in Rome and Alexandria 
(Findlay 1919; Wells 1964). He wrote that “the legs became twisted at the thighs when 
the child wishes to walk about,” and that the disease was “observed more in the 
neighborhood of Rome than in other places (Findlay 1919).” But, it was not until around 
the seventeenth century that the disease began to show up in medical writings, 
specifically the writings of European physicians; Francis Glisson in 1650, Daniel 
Whistler in 1645, and Bootius in 1649 (Davidson et al 1975; Harris 1933; Stuart- 
Macadam 1989). It was Francis Glisson though that gave the first detailed description of 
rickets and who is credited with writing a classic account of the disease (Engfeldt and 
Njertquist 1961). Prior to this, the disease’s prevalence during medieval and post 
medieval times is difficult to assess, because rickets was often not differentiated from 
other diseases affecting the skeleton of the child (Stuart-Macadam 1989). It has been 
suggested that a number of paintings from the fifteenth and sixteenth centuries depict 
children who show signs of clinical rickets (Foote 1927). The abundance of writings on 
the disease during the seventeenth century appears to coincide with the Industrial 
Revolution which was occurring in Europe at the time. It was first described in England 
in about 1650, at the time of the introduction of soft coal, and it spread through Europe
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with the Industrial Revolution’s pall of coal smoke and the increasing concentration of 
poor people in the narrow, sunless alleys of factory towns and big-city slums (Loomis 
1970).
Early in the nineteenth century, G. Wendelstadt wrote Endemic Diseases o f 
Wezlar, which described a German town of 8,000 that was infamous for rickets. This 
town had exceptionally narrow streets and dark alleys and there were entire streets of 
houses with people crippled by the disease (Hess 1929; Loomis 1970).
“The children must sit indoors... which ends in death, or if they continue to live, 
they develop thick joints, cease to be able to walk or have deformed legs. The 
head becomes large and even the vertebral column bends. It comes to pass that 
such children sit often for many years without being able to move; at times they 
cease to grow and are merely a burden to those about them. If they recover they 
often develop into monstrosities, or if things go well they become deformed 
individuals. “
As early as 1888, it was found that rickets could affect animals as well, when the 
English physician Sir John Bland-Sutton found unmistakable evidence of rickets in 
animals in the London zoo -  chimpanzees, lions, tigers, bears, deer, rabbits, lizards, 
ostriches, pigeons, and many other species (Loomis 1970).
Later in 1889 the British Medical Association noted a geographical relationship 
between rickets and cities. After a survey of the incidence of the disease in the British 
Isles the association published maps that supported its major conclusion: There was 
widespread and severe rickets “in large towns and thickly peopled districts, especially 
where industrial pursuits are carried on,” whereas rickets was almost totally absent in
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rural districts. Specifically, the report added, “almost the whole of London and the 
greater number of its outlying suburbs” reported severe rickets among rich and poor alike 
(Loomis 1970; Owen 1889).
Seasonal variation was noted as early as 1884 by M Kassowitz in Germany, who 
attributed rickets to the prolonged confinement of infants indoors during the winter 
(Loomis 1970). Then in 1906 D Hansmann noted that nearly all German children who 
were bom in the fall and died in spring had rickets; those who were bom in the spring and 
died in the fall were free of the disease. Noting the progressive rise of rickets during the 
winter months, he concluded that rickets was primarily a disease of “domestication,” for 
“I have learned that rickets never exists in wild tribes or in animals -  and especially 
monkeys -  show great disposition towards rickets” (Loomis 1970). In 1909 G. Schmorl 
documented this marked seasonal variation in the frequency of rickets with a series of 
386 postmortem examinations carried out on children under four years old (Loomis 
1970).
In 1890 Theobald Palm, an English medical missionary who went to Japan “was 
struck with the absence of rickets among the Japanese as compared with its lamentable 
frequency among the poor children of the large population centers in England and 
Scotland.” He found that it was present in Europe and North America, especially in the 
middle latitudes. In the rest of the world, the disease was seldom seen, except in unique 
cases such as the upper classes in Egypt or shawl weavers in towns in Kashmir. Reports 
that Palm received from doctors all over India, China, and North Africa, and his own 
observations in Japan, indicated that rickets was almost unknown in those countries, even 
though hygiene was poor and diet was minimal in many areas (Palm 1890); however.
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clear skies and abundant sunshine were common factors in these countries (Loomis 
1970).
Many began to believe that urbanization and lack of sunlight were the main causal 
factors for this disease. Jan Raczynski of Paris in 1912 pointed to lack of sunshine as the 
principal etiological factor in rickets. He conducted an experiment on puppies to see if he 
was right. Two puppies, “newborn in the month of May from the same mother, were 
reared for six weeks, the first in sunlight from morning to evening, the second in deep 
shade in a large, well-ventilated cage. Both were fed in the same manner that is 
exclusively on the milk of their mother.” After six weeks the puppy kept out of the 
sunlight was markedly rachitic, a diagnosis confirmed by chemical analysis of its bones, 
which were found to contain 36 percent less calcium phosphate than the bones of the 
puppy that had been raised in the sun. Raczynski concluded that sunlight played a 
principal role in the etiology of the disease (Loomis 1970).
In 1918 Findlay did experiment with 17 collie puppies from two litters with the 
help of Noel Patton. He kept some confined to the laboratory, while he allowed the 
others to freely exercise in the open air. He fed butter to only some of the puppies in 
order to check on the effect of diet on the disease. Findlay discovered that the puppies 
that were confined and had been fed butter were markedly affected, but that other puppies 
that were confined and had no butter were least affected. The effect of the butter was 
observed due to the fact that rickets is more severe well-fed puppies; a poorly fed animal 
develops only mild rickets since the defect in calcification does not have as much effect 
in an animal whose bones are not growing. Rather than being a dietary-deficiency 
disease, therefore, severe rickets required a good diet, complete with vitamins A, B, and
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C; only then could the puppy grow rapidly and hence develop incapacitating rickets 
(Findlay 1919).
While many were experimenting on animals with the disease, others were taking a 
different approach by observing human individuals who already had the disease. One 
such undertaking was done by Margaret Ferguson, around 1919. She studied 200 
families living in Glasgow, Scotland among whom marked rickets existed, and decided 
that inadequate air and exercise appeared to be the most potent factors (Loomis 1970).
Harry S. Hutcinson in Bombay, India discovered that rickets was common among 
the well-fed Moslems and upper caste Hindus, whose women usually married at the age 
of 12 and entered purdah, where the ensuing infants usually remained with their mother 
for the first six months of life in a semidark room in the interior of the house. He found 
that infants of both sexes kept in purdah suffered severely from rickets; the girls, who 
entered purdah when they were married, recontracted the disease then. In contrast, 
Hutchinson found no cases of rickets at all among the poor Hindus who subsisted on a 
pitifijlly inadequate diet but who worked outdoors all day and while at work left their 
young infants at some nearby point in the open air. He concluded that rickets was caused 
by a lack of fi’esh air, sunlight, and exercise. He then proceeded to cure 10 such cases of 
purdah-induced rickets by taking the patients out into the open air, showing that removal 
of the cause removes the effect. All other factors remained constant and no medicine was 
given. (Hutchinson and Shah 1921).
It was becoming increasingly clear to physicians by 1919 that sunlight could 
prevent and cure rickets. The problem in Europe and with many northern latitudes was 
that there was very little sunlight during the winter months at this time. Studies made
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more recently, like those by G A Blondin in 1970 of Clark University support the long- 
suspected fact that fish, unlike birds and mammals, are able to synthesize calciferol 
enzymatically without ultraviolet light. Shielded by water, fish receive essentially no 
ultraviolet radiation, and yet the bluefin tuna has up to a milligram of calciferol per gram 
of liver oil — enough to provide a daily protective dose of calciferol for 100 children 
(Mawer and Davis 2001). Cod-liver oil contains less than 1 percent as much, but enough 
to protect against rickets if it is consumed in amounts equal to four grams per day. It is 
an effective antirachitic medicine because of calciferol’s unusual stability: an oil or fat 
containing the hormone preserves its efficacy for a long time (Mawer and Davis 2001).
In the north of Europe fish has always been a staple of diet, and so the normal diet 
tended to protect children against rickets. Slowly, over the years, the people of 
Scandinavia and the Baltic regions became aware of the specific therapeutic value of cod- 
liver oil as a preventive and even as a cure for rickets. By the end of the 19* century this 
therapy had come to the attention of physicians, but it was not generally accepted because 
a number of variables made the evaluation difficult: the advent of spring, chance 
exposure to sunlight or some unrelated retardation of growth that reduced the severity of 
the rickets could mask the effect of the cod-liver oil. (Loomis 1970)
Alfi-ed F. Hess in 1917 conducted a controlled test with Negro children in New 
York City, among whom rickets was severe and almost universal, and proved the 
prophylactic value of routine administration of cod-liver oil. It was an unequivocal 
demonstration that cod-liver oil had the ability to prevent and cure rickets (Hess 1922). It 
was such a significant finding that many investigators turned away from sunlight as a 
cause and cure and more toward diet as a factor.
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Then in 1919 two major experiments took place; one, conducted by Edward 
Mellanby on diet and rickets, and the other on artificial illumination and rickets 
conducted by Kurt Huldschinsky. The first one found that puppies would develop severe 
rickets on a diet reinforced with yeast, milk, and orange juice (Mellanby 1920) -  a natural 
finding, considering that Bland-Sutton had shown that almost all the animals in the zoo in 
industrial London suffered from rickets. Mellanby’s announcement was that ‘production’ 
of rickets in dogs was caused by a particular diet. He suggested that the efficacy of cod- 
liver oil was “most probably” due to vitamin A, which was presumably missing in his 
“rachitogenic” diet (Mellanby 1920). The diet finding was greeted with enthusiasm -  
even though Findlay had produced rickets in dogs 11 years earlier by simply keeping 
them indoors.
Later, in 1922, Elmer V. McCollum went on to establish the difference between 
the active factor in cod-liver oil and vitamin A by showing that, after having been aerated 
and heated, cod-liver oil could still cure rickets but had lost its ability to cure 
xerophthalmia, which is due to lack of vitamin A. On this basis he called the cod-liver 
oil factor “vitamin D" (McCollum 1922).
Final recognition of the uniqueness of fish-liver oils came from the finding that 
animal fats such as butter and lard have essentially no calciferol, particularly in winter; 
the conclusion was clear that no nonfish diet of any kind could protect against rickets in a 
sunless environment (Loomis 1970). It was quite clear then that cod-liver oil was a 
medicine and not a food.
Kurt Huldschinsky in 1919, decided to try artificial illumination with the light 
from a mercury-vapor quartz lamp, which includes the ultra-violet wavelengths, on 4
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cases of advanced rickets in children. He was able to obtain complete cures in 2 months 
time. Huldschinsky discovered that it is the invisible portion of the sun’s rays that 
prevents rickets. In addition to providing a truly effective method of curing the disease, 
he proceeded to show that an endocrine hormone must be involved (Loomis 1970). He 
irradiated one arm of a rachitic child with ultra-violet. Then he showed, with X-ray 
pictures, that calcium salts were deposited not only in the irradiated arm but in the other 
arm as well. This proved that on irradiation the skin released into the bloodstream a 
chemical that had the needed power to induce healing at a distance -  in other words, a 
hormone. (Loomis 1970)
After World War I, Huldschinsky’s findings were extended by Alfred F. Hess in 
New York. He showed that sunlight alone had the power to cure rickets in children (Hess 
1929). He then showed that this was true also of rats that had been made rachitic by 
means of a low-phosphate diet. In 1924, Hess found that ultra-violet irradiation rendered 
linseed or cottonseed oil capable of curing rickets. He then proceeded to show that crude 
cholesterol and plant sterols acquired the property of curing rickets when irradiated by 
UV light (Hess 1929).
In 1927 Otto Rosenheim and Thomas A. Webster showed that the plant sterol 
ergosterol became enormously antirachitic when irradiated with ultraviolet light. This is 
the process that has now become routine: Some .01 milligram per quart of ergocalciferol 
-  or what is called “vitamin D2” -  is added to almost all the milk sold in the U.S. and 
most European countries (Loomis 1970).
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Statement of Problem
Rickets and osteomalacia are caused mainly by insufficient vitamin D, either 
because of a dietary inadequacy or because of a lack of exposure to short ultraviolet rays 
of sunlight (Stuart-Macadam 1989). Studies have shown though that the most important 
source of vitamin D is exposure to sunlight (Poskitt et al 1979), not dietary intake. It is 
thought that as much as 90% of the vitamin D in our bodies is produced by photolysis in 
the skin (Passmore and Eastwood 1986). Although, lack of exposure to sunlight is a 
main causal factor of the disease, other factors may influence it. Since there are some 
other factors involved in any one individual’s susceptibility to rickets, including growth 
velocity, the ray-filtering power of the atmosphere (latitude, pollution levels), customs 
(type of clothing, time spent outdoors), quantities and ratios of calcium and phosphorous 
in the diet, and unknown constitutional factors (Caffey 1978), research in this area can 
aid many other studies such as demography, biology, ethnology, and environmental 
studies, to name just a few.
Hypothesis
The goal of this project was to study the frequency and severity of skeletal 
evidence for rickets and osteomalacia among a sample of postcranial human remains with 
varying degrees and/or levels of skin melanin content during life. Skin melanin content 
is defined in this study by cultural race categories Negroid and Caucasoid. A large 
sample of postcranial human remains with estimated levels of skin melanin was studied 
determining the frequency and severity of rickets and osteomalacia in the sample. The
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working hypothesis is that samples with higher levels of skin melanin should have a 
higher frequency of rickets/osteomalacia and increased severity, compared to those with 
lower levels of melanin. This hypothesis may be accepted if we can reject the null 
hypothesis, that levels of skin melanin have no effect on the influence of rickets and 
osteomalacia, and the competing hypothesis that samples with lower levels of skin 
melanin have a higher frequency and increased severity of rickets/osteomalacia.
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CHAPTER TWO 
MATERIALS AND METHODS
A sample of 100 postcranial skeletons was used in this study, all from the 
Hamman-Todd Collection. The sample was split evenly among Caucasoid and Negroid 
individuals, and 50 of each were studied. No Mongoloid individuals were studied 
because none were present in the collection. The sex of each individual was recorded to 
control for possible sex differences. 25 male and 25 female specimens were chosen to 
represent each race. Postcranial skeletons within the age ranges of 18-88 years were 
used. This excluded juvenile remains because they are rare. Postcranial skeletons were 
used specifically because of the age range used and time constraints. The occurrence of 
the disease affecting the cranium in the age range of 18-88 is minimal. Most of the 
evidence for rickets and osteomalacia among the age range chosen does not tend to 
manifest in the cranium (Ortner and Putschar 1985).
The Hamman-Todd Collection
The Hamman-Todd collection is housed at the Cleveland Museum of Natural 
History and permission to use the skeletal collection was obtained from the Collections 
Manager, Dr. Bruce Latmir. There are more than 3,100 human skeletons in the collection 
and each individual is accompanied by a file that contains extensive information recorded
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at the time of death: name, age, sex, ethnicity (race), cause of death and over 70 
measurements (Jones-Kern and Latimer 1996).
Begun by Carl August Hamann in 1893, the collection was originally conceived 
as both an educational and research tool. His initial goal was to assemble a wide variety 
of skeletal materials as teaching aids. By 1912, Hamann had acquired more than 100 
human skeletons. Hamann was named dean of the medical school in that year, and his 
former post was taken by a young anatomist from England, T Wingate Todd (Jones-Kem 
and Latimer 1996).
During his tenure, Todd added more than 3,000 human skeletons to the collection, 
most from unclaimed bodies at the Cuyahoga County Morgue or city hospitals. This 
effort was made easier by Hamann, who helped formulate the Anatomical Laws of the 
State of Ohio According to Ohio Code, city hospitals had to notify Todd of any 
unclaimed bodies in their possession. Bodies were sent to the medical school where they 
were prepared for anatomy classes. After a body was dissected, the bones were labeled 
and stored in numbered pine boxes (Quigley 1998).
Hamman retired in 1928 and died two years later. Todd died only a decade later, 
on December 28, 1938. With its two founders and most influential advocates gone, the 
Hamann Museum was scaled back and eventually closed. Most of the skeletons 
remained packed in their original wooden boxes and were stored wherever space was 
available: in basements, attics, closets and even coal bins (Quigley 1998).
After a few years, the medical school decided it could not afford to maintain the 
collection even under these conditions. In 1951, The Cleveland Museum of Natural
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History agreed to take over the collection and over the next 20 years the collection was 
transferred to the Museum in piecemeal fashion.
The last two decades have seen tremendous improvements in both the condition 
of the collection and its laboratory facilities (Jones-Kern and Latimer 1996). With 
completion of the Museum’s Laboratory of Physical Anthropology in 1976, the collection 
was finally removed from the rotting wooden boxes and each individual skeleton was 
placed in a plastic drawer with protective foam padding (Quigley 1998). These were 
organized in an automated compact storage system that enormously improves the speed 
and ease with which the individual skeletons can be retrieved. At the same time, the 
compactor provides a safe, environmentally controlled facility. By the early 1990s all the 
original files were computerized, again enhancing record retrieval time while reducing 
wear and tear on the original paper records. Finally, the individual bones themselves 
were laboriously cleaned of the grease and soot that had accumulated during many years 
in storage (Jones-Kern and Latimer 1996).
All of the improvements along with the history of the collection allows for 
multiple studies in many areas to be undertaken. This collection proved to be a great 
resource for a study of rickets and osteomalacia because of the great diversity among the 
individuals and because it was accessioned during the 1920s and 1930s. This time period 
is of importance to this study because it is prior to many common foodstuffs being 
fortified with vitamin D and before many cured rickets/osteomalacia with cod-liver oil 
(another common carrier of vitamin D).
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Data Collection
Data collection took one week. Due to the great number of Caucasoid and 
Negroid males available per decade, these individuals were sampled from the lower shelf 
drawers of the collection (quicker and easier access to materials). Caucasoid and Negroid 
females were sampled from all areas of the collection. The following information was 
recorded for each skeleton, using the spreadsheet in appendix A:
1. Specimen identification number.
2. Sex, age, and ancestry according to file, and then reaffirmed by visual assessment,
3. Presence/absence of rickets/osteomalacia determined using visual assessment as 
described by Ortner and Putschar (1985).
4. Actual bones affected, if any.
The postcranial skeleton was broken up into areas that could be assessed. Areas, 
rather than specific bones were chosen, in order to save time. Although individual bones 
affected were recorded for each specimen, pooling the individual bone data by area 
reduced the number of categories thus simplifying the analysis. The areas looked at 
included: 1. Vertebral column, 2. Thorax (Sternum and Ribs), 3. Upper Limb (Clavicle, 
Scapula, Humerus, Radius, and Ulna, (including wrist and hand), 4. Pelvis (Coxal bones. 
Sacrum, and Coccyx), and 5. Lower Limb (Femur, Tibia and Fibula (including ankle and 
foot). Each area was marked as either affected or unaffected by disease.
The severity of rickets and osteomalacia was determined by the number of bones 
affected in the postcranial skeleton. The main rule of thumb followed was, the more 
bones affected the more severe the disease. The total score was assigned to each 
individual and could be a 0, 1, 2, or 3. The absence of the disease warranted a 0 score, 1
2 8
equaled mild (only one area affected), 2 equaled moderate (two areas affected), and 3 
equaled severe (3 or more areas affected).
Statistical Procedures
Following data collection, the effect of skin melanin content on the disease was 
examined statistically. This was accomplished by using the chi square method to 
examine the relationship between skin melanin content and frequency, as well as the 
degree of severity, of rickets/osteomalacia. The objective was to construct a contingency 
table to compare the variables Negroid and Caucasoid to the number of affected 
individuals for each area and category of severity. This was used to answer the question 
of whether susceptibility to the disease is continent upon the skin melanin content of the 
individual, as an aspect of their race.
SPSS
The computer program SPSS was then utilized for analysis of the data. Information 
collected for each postcranial skeleton was entered into the program including: Specimen 
identification number, sex, race, age, total score, and the presence/ absence of the disease 
in each area. These data are presented in Appendix B.
Chi square analysis compares two samples to determine whether they are from the 
same population or if they are different and independent (Spatz 1993). This is an 
inferential statistical technique that allows one to reject or retain a null hypothesis based
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on a comparison of the observed frequencies of individuals in a category to frequencies 
that would be expected if the null hypothesis were true.
Contingency tables were constructed in SPSS by using the crosstabs function. 
Procedure CROSSTABS produces tables that are the joint distribution of two or more 
variables that have a limited number of distinct values (SPSS 1997: 287). The frequency 
distribution of one variable is subdivided according to the values of one or more other 
variables. Since the race variable has two options, a code was established in the program 
to differentiate between the two; 0 = Caucasoid and 1 = Negroid.
The first contingency table (Table 1) compares the variable race with the total 
severity score for the entire postcranial skeleton. The next series of contingency tables 
compares the variable race with the severity score for each area of the postcranial 
skeleton. Table 2 tests the effect of race for the vertebral column. Table 3 tests the effect 
of race for the thorax. Table 4 tests the effect of race for the pelvis. Table 5 tests the 
effect of race for the upper limb. Table 6 tests the effect of race for the lower limb.
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CHAPTER THREE 
RESULTS
The results of the analyses I performed are presented in this chapter.
Crosstabulation
Race and Total Score
Table 1 is the contingency table used to test for the effect of race on the total severity 
score. Sixty-eight of the 100 individuals were assigned a score of zero, meaning that the 
disease was not present. Twenty eight Caucasoid postcranial skeletons and 40 Negroid 
postcranial skeletons did not have the disease. Fewer postcranial skeletons did have 
some form of the disease, but no Negroid postcranial skeleton warranted a score of 3.
The calculated chi-square value for this table was 12.639, which exceeds the critical 
value of 7.82 for a = .05 and 3 degrees of freedom. Therefore skin melanin content has 
significant effect on the total severity of rickets. However, contrary to my hypothesis it 
was the lighter skinned group that had the greatest severity, rather than the darker skinned 
group. The remainder of the observed frequencies are listed in Table 1.
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RACE * SCORE Crosstabulation
SCORE Total
0 1 2 3
RACE Caucasoid 28 7 9 6 50
(34) (7.5) (5.5) (3)
Negroid 40 8 2 0 50
(34) (7.5) (5.5) (3)
Total 68 15 11 6 100
TABLE 1. Contingency for race of the postcranial skeletons with the score of severity of 
each. Expected values calculated under a null hypothesis of independence.
(x = observed, (x) = expected
Race and the Affected Areas
The remaining five contingency tables tested the effect of skin melanin content on 
severity of rickets at a specific area of the skeleton. Table 2 tested the effect of race on 
the vertebral column. A total of 85 individuals out of the original 100 were not affected 
in this area. The 15 postcranial skeletons affected were comprised of 14 Caucasoid and 1 
Negroid. The calculated chi-square value for this table was 13 .255 and the critical value 
with 1 degree of freedom for a = .05 was 3.84. Thus there is a significant relationship 
between skin melanin content and severity of rickets in this area, but again the results 
suggest that the lighter skinned individuals were more affected.
The thorax, which is made up of the ribs and sternum, was affected more 
frequently than the vertebral column with 27 affected postcranial skeletons, as seen in 
Table 3. The calculated chi-square value for this table was 8.574, which exceeds the 
critical value of 3.84 for a  = .05 and 1 degree of freedom. The number of affected
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individuals was larger among the Caucasoids who had 20, while Negroids only had 7. 
Thus there is a significant relationship between skin melanin content and severity of 
rickets in this area, but again the results suggest that the lighter skinned individuals were 
more affected.
Table 4 tested the effect of skin melanin content on severity of rickets on the 
pelvis and shows that only had 13 of the 100 postcranial skeletons were affected in this 
area. Nine Caucasoids were affected in this area, while only 4 Negroids were. The 
calculated chi-square value for this table with only 1 degree of freedom was 2 .210, which 
does not exceed the critical value of 3 .84 for a  = .05 and 1 degree of freedom. While 
Caucasoids still demonstrated a higher frequency, the relationship between skin melanin 
and rickets severity was not significant for this area.
The upper limb was not affected in any of the postcranial skeletons in this study 
and no contingency table was constructed actually for it. The data for this region is 
presented in Table 5. The last contingency table. Table 6 presents the data for the lower 
limb. There was only one affected individual, a Caucasoid. The calculated chi square 
value for this table was 1.01, which does not exceed the critical value of 3.84 for a = .05 
and 1 degree of freedom. Thus there is no significant effect of race on this area.
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Crosstab
RACE Caucasoid
Negroid
Total
VERTCOL score
0 1
36 14
(42.5) (7.5)
49 1
(42.5) (7.5)
85 15
Total
50
50
100
TABLE 2. Contingency table for race and the vertebral column. Expected values 
calculated under a null hypothesis of independence, (x = observed, (x) = expected)
Crosstab
RACE Caucasoid
Negroid
THORAX score Total 
0 1
Total
30
(36.5)
43
(36.5)
73
20
(13.5)
7
(13.5) 
27
50
50
100
TABLE 3. Contingency table for race and the thorax. Expected values calculated under 
a null hypothesis of independence, (x = observed, (x) = expected)
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Crosstab
PELVIS score 
0 1
Total
RACE Caucasoid 41
(43.5)
9
(6.5)
50
Negroid 46
(43.5)
4
(6.5)
50
Total 87 13 100
TABLE 4. Contingency table for race and the pelvic area. Expected values calculated 
under a null hypothesis of independence, (x = observed, (x) = expected)
Crosstab
UPLIMB score 
0 1
Total
Race Caucasoid 50
(50)
0
(0)
50
Negroid 50
(50)
0
(0)
50
Total 100 0 100
TABLE 5. Upper Limb table that demonstrates that the number remained constant. 
Expected values calculated under a null hypothesis of independence.
(x = observed, (x) = expected)
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Crosstab
RACE Caucasoid
Negroid
LOWLIMB score Total 
0 1
Total
49
(49.5)
50
(49.5)
99
1
(0.5)
0
(0.5)
1
50
50
100
TABLE 6. Contingency table for the lower limb area with only 1 specimen affected. 
Expected values calculated under a null hypothesis of independence.
(x = observed, (x) = expected)
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CHAPTER FOUR 
DISCUSSION
The purpose of this study is to indirectly address the effects of rickets and 
osteomalacia on the different levels of skin melanin by more directly assessing its effects 
on individual postcranial skeletons. If a significant correlation could be found between 
the skin melanin level (the race of the individual postcranial skeletons) and the frequency 
and severity of rickets and osteomalacia, it could mean that the frequency and severity of 
the disease in this population is affected by skin melanin content.
Many different racial studies have been attempted throughout time. Many 
researchers have attempted to interpret and understand the disease rickets and 
osteomalacia throughout the years (Hess 1922; Loomis 1970). Because of the etiology of 
the disease many have tried to combine the studies of race and rickets in order to answer 
scientific questions. When dealing with cultural race categories, many scientists have 
also come to understand the problems associated with trying to label or group people into 
discrete categories. This study is simply an attempt to add to the knowledge of the 
disease rickets and osteomalacia.
Popular theory has led many to believe that the different levels of skin melanin 
exist in order to survive in different parts of the world that have different levels of 
sunlight. As discussed earlier, it is thought that darkly pigmented peoples (people with 
higher levels of skin melanin) benefit from this attribute by way of protection from the 
ultraviolet rays of the sun in geographic areas where the most ultraviolet radiation is 
received (Molnar 2002). The level of skin melanin that they have protects them from
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harmful effects, while still allowing enough ultraviolet rays to penetrate in order to 
remain healthy (one example, able to synthesis enough vitamin D). Theoretically 
migration to more northern latitudes would have adverse effects on darker pigmented 
peoples, because of less ultraviolet radiation reached those areas (Murray 1934). Based 
on this theory a study conducted on a sample of a population in a more northern latitude, 
comprised of equal amounts of Negroid and Caucasoid individuals, should yield data in 
where the darker pigmented individuals should be more greatly affected by diseases such 
as rickets and osteomalacia. The present study was designed to explore this theory by 
evaluating the effects of rickets and osteomalacia on individuals with different levels of 
skin melanin in order to draw informed conclusions
For all of the postcranial skeletons, the results of the statistical analysis do not 
conform to expectations. It was expected that the greatest frequency and severity of the 
disease would be seen among the postcranial skeletons of people with more skin melanin 
(the group culturally labeled Negroids). However the frequency and severity of the 
disease was greatest among the Caucasoids. Out of the 100 postcranial skeletons 
examined 22 Caucasoids and 10 Negroids were affected by the disease. The level of 
severity followed the same pattern. Seven Caucasoids had a score of 1, nine a score of 2, 
and 6 a score of three; while the Negroids had an 8, 2, and 0 respectively. If my initial 
hypothesis was true, rickets and osteomalacia should be more frequent and severe in the 
Negroids than the Caucasoids.
The results from the individual area contingency tables also did not conform to 
expectations. The race and vertebral column contingency table. Table 2, shows that 15 
postcranial skeletons were affected in this area. While 14 of them were Caucasoid, only
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1 was Negroid. The remainder of the contingency tables reveal the same pattern. The 
thorax was the area most affected and although 7 Negroids were affected in this area, 20 
Caucasoids were as well, making the total 27 (Table 3). The pelvis area (Table 4) had 13 
affected with 9 Caucasoids and 4 Negroids. The upper limb (Table 5) did not have a 
contingency table constructed because the upper limb area in none of the postcranial 
skeletons was affected. Only 1 Caucasoid was affected in the lower limb area and the 
difference was not significant enough to draw conclusions (Table 6).
These results demonstrate that the association between frequency and severity of 
the disease and the level of skin melanin of an individual can vary within a sample. 
Although rickets and osteomalacia can be seen in both racial categories, they differ in 
frequency. This small study demonstrates that in this population the frequency of the 
disease does not coincide with theoretical expectations about Caucasoid and Negroid 
racial categories. It also found that differences in the severity of the disease are not 
patterned in the way predicted by theory. The small sample size could have influenced 
the results, where as a larger one might have revealed a different pattern.
The results of the statistical analysis may not indicate a prevalence of the disease 
among those with more skin melanin, but they show that within this sample, the disease 
rickets and osteomalacia do have a relationship with race; that they are not independent. 
For the vertebral column and the thorax areas there is a significant difference between the 
racial categories in the prevalence of the disease. While there is a significant 
relationship, that relationship is that Caucasoids have greater incidence and severity of 
the disease.
39
The pattern of incidence discovered in this sample is opposite from that expected. 
There are several possible reasons for this. As mentioned before, several cultural and 
environmental factors can influence any one individuals susceptibility to the disease, 
including growth velocity, ray-filtering power of the atmosphere (latitude, pollution 
levels), customs and occupations (type of clothing, time spent outdoors), quantities and 
ratios of calcium and phosphorous in the diet, and unknown constitutional factors (Caffey 
1978). These factors may have played a role in the frequency and severity of the disease 
in this sample. Specifically, if particular jobs were generally performed by one race more 
then another. Manual labor done outside versus office jobs done inside can sometimes be 
race specific due to the cultural attitudes of the time.
Perhaps more importantly, this study shows that cultural race categories can not 
necessarily be used to explain physical phenomenon. Popular theory about the evolution 
of skin melanin can not be supported with thus study. Other casual factors not 
withstanding, diet has a huge impact on the disease and without having a specific diary of 
each affected individual’s diet, there is no way to make absolute statements about the 
disease.
This sample’s statistical results also indicate that the overall number of 
individuals in the sample who were affected by the disease may impact the results.
Along with a larger overall sample size, this study’s statistical results would have 
benefited from a larger number of affected postcranial skeletons; there were simply too 
few affected postcranial skeletons. A larger overall sample size could have helped this 
problem, assuming that with the numbers of the sample increasing so do the numbers of
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affected postcranial skeletons. Had the sample size been larger, there may have been 
more affected postcranial skeletons for comparison.
While the Hamman-Todd collection is a great resource for studies of this nature, 
the present study would have benefited from including the crania of each skeleton along 
with the postcrania. The collection hinders execution of this, because it houses the 
postcrania separately from the crania. Also, the collection has few juvenile remains, and 
those that are present lack the extensive information that the rest of the collection has.
The inclusion of juvenile remains could be an asset to studies such as these.
There is variability in skin pigmentation within the categories Caucasoid and 
Negroid. Because of this, and because there is no documentation of what criteria were 
originally used to assign individuals to a certain race, there is no guarantee that these race 
categories correspond to skin melanin content for all individuals. This may be a 
confounding factor in my analysis.
Finally, the visual assessment that led to the designations of degree of severity of 
the disease is subjective and presents a problem as well. Although the presence of the 
disease was fairly obvious to the observer, the division of severity was based on how 
many areas affected and the decision of whether or not the specific bone was affected in 
some cases was difficult, and thus difficult to categorize.
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CHAPTER FIVE 
CONCLUSION
Results of the statistical analysis do not support the hypothesis that samples with 
higher levels of skin melanin should have a higher frequency of rickets/osteomalacia and 
increased severity. As the results demonstrate, the levels of skin melanin do have an 
effect on the influence of rickets and osteomalacia, but it is the group with lower levels of 
skin melanin (the Caucasoids) that are affected more frequently and more severity. The 
fact that Caucasoids were more affected than Negroids suggests that the incidence of 
rickets/osteomalacia depends on factors other than skin color. This seems to be true for 
the population from the Hamman-Todd collection that was studied.
Many recommendations can be made for future studies. The results of a study 
dealing with rickets and osteomalacia might conform better with expectations if the 
investigator takes more factors into account. Since studies have shown that the most 
important source of vitamin D is exposure to sunlight (Poskitt et al 1979), looking into 
time spent outdoors by the individuals within the study could be beneficial. Many 
cultural factors can influence any individuals’ amount of time spent outdoors; including 
occupation and recreation. Also, observing clothing types can be useful. Estimating the 
amount of skin that is allowed to absorb ultraviolet rays might allow more questions to be 
answered. Researching the diets of the individuals in the study’s sample might also be 
valuable. Calculating fish intake and calcium and phosphorous levels might help with 
explanations. Geographical and environmental factors can be taken into account as well. 
Latitude and pollution levels of the area of the study can have an impact on the results 
and a better understanding of these factors might provide some clues about the results.
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While a study such as this can provide some valuable insights for physical 
anthropology, and aid many other studies such as demography, biology, ethnology, and 
human ecology, many more factors about the disease and the individuals examined need 
to be looked at. Small studies can be useful though as launching pads and pilot studies 
for future projects.
A relatively small subsample of the Hamman-Todd collection was used in this 
study. Larger and more detailed studies dealing with age ranges, sex differences, and the 
specific areas affected might provide more reliable data. A larger sample size that 
provided a greater number of affected individuals would likely provide more accurate 
results in an analysis of the association between rickets and osteomalacia and different 
levels of skin melanin. With more reliable conclusions regarding the effects of rickets 
and osteomalacia among different levels of skin melanin, it would be possible to judge 
the value of particular studies of pathology relationships and avoid cultural biases and 
unfounded theories in the future.
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Appendix A
Data Collection Spreadsheet
Rickets/Osteomalacia Data
SI Number Caucsold Negroid 0 1 2 3 Sex Age
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Appendix A
Data Collection Spreadsheet
SI Number Caucsoid Negroid 0 1 2 3 Sex Age
45
Appendix A
Data Collection Spreadsheet
SI Number Caucsoid Negroid 0 1 2 3 Sex Age
Comments
46
APPENDIX B
S PSS D a t a  M a t r i x
SI SEX RACE AGE SC O R E /ERTCOL THORAX UPLIMB PELVIS .OWLIMB
2558 0 0 19 0 0 0 0 0 0
1228 0 0 20 0 0 0 0 0 0
2454 0 0 21 0 0 0 0 0 0
1769 0 0 24 0 0 0 0 0 0
1039 0 0 28 0 0 0 0 0 0
0254 0 0 29 0 0 0 0 0 0
1649 0 0 30 0 0 0 0 0 0
1926 0 0 30 0 0 0 0 0 0
1182 0 0 32 0 0 0 0 0 0
1542 0 0 32 0 0 0 0 0 0
1051 0 0 34 0 0 0 0 0 0
1075 0 0 35 0 0 0 0 0 0
1125 0 0 35 0 0 0 0 0 0
1146 0 0 35 0 0 0 0 0 0
1929 0 0 35 0 0 0 0 0 0
2345 0 0 35 0 0 0 0 0 0
2497 0 0 47 0 0 0 0 0 0
1685 0 0 62 1 0 1 0 0 0
1269 0 0 70 2 1 1 0 0 0
1727 0 0 76 2 1 1 0 0 0
1944 0 0 76 2 0 1 0 1 0
3026 0 0 80 1 1 0 0 0
1027 0 0 81 2 1 1 0 0 0
1196 0 0 81 1 0 1 0 0 0
2000 0 0 81 1 0 1 0 0 0
1575 0 1 20 0 0 0 0 0 0
1704 0 1 20 0 0 0 0 0 0
1729 0 1 21 0 0 0 0 0 0
2341 0 1 22 0 0 0 0 0 0
1763 0 1 23 0 0 0 0 0 0
2368 0 1 26 0 0 0 0 0 0
1388 0 1 28 0 0 0 0 0 0
2281 0 1 29 0 0 0 0 0 0
2422 0 1 29 0 0 0 0 0 0
1430 0 1 32 0 0 0 0 0 0
2410 0 1 33 0 0 0 0 0 0
2426 0 1 33 0 0 0 0 0 0
2518 0 1 34 0 0 0 0 0 0
1577 0 1 35 0 0 0 0 0 0
2434 0 1 35 0 0 0 0 0 0
2519 0 1 44 0 0 0 0 0 0
2327 0 1 52 1 0 1 0 0 0
0795 0 1 54 1 0 1 0 0 0
0932 0 1 54 0 0 0 0 0 0
2520 0 1 58 0 0 0 0 0 0
2493 0 1 60 0 0 0 0 0 0
2465 0 1 63 2 1 1 0 0 0
1673 0 1 66 1 0 1 0 0 0
1340 0 1 88 1 0 1 0 0 0
2769 ^ 0 1 81 0 0 0 0 0 0
1238 1 0 19 0 0 0 0 0 0
1157 1 0 25 0 0 0 0 0 0
2939 1 0 25 0 0 0 0 0 0
1059 1 0 28 0 0 0 0 0 0
1162 1 0 28 0 0 0 0 0 0
1554 1 0 30 0 0 0 0 0 0
1089 1 0 31 0 0 0 0 0 0
2857 1 0 31 0 0 0 0 0 0
1739 1 0 33 0 0 0 0 0 0
1747 1 0 34 0 0 0 0 0 0
2025 1 01 49 3 1 1 0 1 0
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APPENDIX B
S P SS  D a t a  M a t r i x
0411 1 0 51 1 0 0 0 1 0
3123 1 0 51 2 1 1 0 0 0
2645 1 0 52 1 0 1 0 0 0
0935 1 0 60 0 0 0 0 0
1073 1 0 65 3 1 1 0 1 0
1052 1 0 67 2 0 1 0 1 0
1889 1 0 69 3 1 1 0 1 0
3080 1 0 73 3 1 1 0 1 1
3183 1 0 77 1 0 1 0 0 0
2539 1 0 78 2 1 1 0 0 0
1680 1 0 80 2 1 1 0 0 0
1402 1 0 81 3 1 1 0 1 0
2007 1 0 81 3 1 1 0 1 0
1505 1 0 81 2 1 1 0 0 0
1590 1 1 18 0 0 0 0 0 0
1949 1 1 19 0 0 0 0 0 0
1040 1 1 20 0 0 0 0 0 0
1277 1 1 22 0 0 0 0 0 0
1208 1 1 23 0 0 0 0 0 0
1558 1 1 24 0 0 0 0 0 0
1969 1 1 24 0 0 0 0 0 0
1539 1 1 26 0 0 0 0 0 0
2363 1 1 26 0 0 0 0 0 0
1622 1 1 27 0 0 0 0 0 0
1427 1 1 28 0 0 0 0 0 0
1600 1 1 28 0 0 0 0 0 0
2381 1 1 29 0 0 0 0 0 0
1899 1 1 30 0 0 0 0 0 0
2516 1 1 31 0 0 0 0 0 0
1785 1 1 32 0 0 0 0 0 0
0931 1 1 34 0 0 0 0 0 0
2494 1 1 39 0 0 0 0 0 0
2517 1 1 55 0 0 0 0 0 0
3174 1 1 60 1 0 0 0 1 0
2773 1 1 6 4 1 0 0 0 1 0
2039 1 1 65 1 0 1 0 0 0
0928 1 1 69 0 0 0 0 0 0
1838 1 1 71 2 0 1 0 1 0
1705 1 1 85 1 0 0 0 1 0
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